Abstract Patients with varus or valgus hindfoot deformities usually present with asymmetric ankle osteoarthritis. In-vitro biomechanical studies have shown that varus or valgus hindfoot deformity may lead to altered load distribution in the tibiotalar joint which may result in medial (varus) or lateral (valgus) tibiotalar joint degeneration in the short or medium term. The treatment of asymmetric ankle osteoarthritis remains challenging, because more than half of the tibiotalar joint surface is usually preserved. Therefore, joint-sacrificing procedures like total ankle replacement or ankle arthrodesis may not be the most appropriate treatment options. The shortand midterm results following realignment surgery, are very promising with substantial pain relief and functional improvement observed post-operatively. In this review article we describe the indications, surgical techniques, and results from of realignment surgery of the ankle joint in the current literature.
Introduction
Osteoarthritis (OA), the degeneration of articular cartilage and is one of the most common human diseases. Approximately 1 % of the world's adult population is affected by symptomatic ankle OA [1] , resulting in a substantial economic burden for patients and health care systems [2] . Ankle OA has a lower incidence than OA of the knee or hip joints [3] ; however, this disease should not be underestimated as the patients with endstage ankle OA have mental and physical disability comparable to those of patients with end-stage hip OA [1] . In patients with post-traumatic ankle OA the degenerative changes often develop asymmetrically with a concomitant varus or valgus deformity of the hindfoot [4, 5] . In patients with asymmetric ankle OA only a part of the tibiotalar joint surface is involved in the osteoarthritic process: the medial ankle joint compartment in varus arthritic ankles and the lateral ankle joint compartment in valgus arthritic ankles [6, 7] . Numerous surgical procedures have been described to treat the different stages of ankle OA. These procedures can be divided into two categories: joint-preserving and joint-sacrificing procedures. Jointpreserving procedures include ankle arthroscopy/ arthrotomy with joint debridement [8] , distraction arthroplasty [9] , different osteochondral resurfacing procedures [10] and corrective osteotomies [11] . Jointsacrificing procedures such as ankle arthrodesis [12] and total ankle replacement [13, 14] may provide good functional results and post-operative pain relief in the short term, but may have potential complications and long-term problems [15] [16] [17] . Furthermore, patients with post-traumatic ankle OA are usually younger than patients with end-stage degenerative OA of the hip or knee [18] . Therefore, in younger and more active patients joint-preserving procedures may be a more optimal treatment option.
Aetiology of ankle osteoarthritis
Approximately 80 % of all patients with end-stage ankle OA have a post-traumatic aetiology [5, 7, 19, 20] : The most common reason for developing post-traumatic ankle OA is a fracture of the lower extremity. Horisberger et al. [5] analysed 257 consecutive patients with post-traumatic end-stage OA. Fracture types causing degenerative changes of the ankle joint were of the malleolar, tibial pilon, tibial shaft, talus and combined varieties with incidencies of 53.2, 29.1, 5.7, 2.8 and 9.2 %, respectively [5] . Stufkens et al. [21] performed a long-term follow-up study of a prospective cohort of 288 ankle fractures that were treated operatively between 1993 and 1997 [22] . In the initial study, arthroscopy was performed in all cases to assess the extent and location of intra-articular cartilage damage [22] . In a follow-up study [21] a total of 109 patients were available for clinical and radiographic assessment. Following factors were identified as independent predictors of the development of post-traumatic ankle OA: deep cartilage lesion on the anterior and lateral aspect of the talus and on the medial malleolus with odds ratios of 12.3, 5.4 and 5.2, respectively [21] . Sequelae of lower leg fractures may result in post-traumatic ankle OA, as well as repetitive ankle ligament lesions [23] . Valderrabano et al. [23] performed an aetiological, clinical and radiographic review of 33 ankles with ligamentous post-traumatic ankle OA. The majority of the patients (85 %) had injuries of the lateral ankle ligaments and 15 % had injury of the medial and medial-lateral ligaments. The mean latency time between injury and end-stage ankle OA was 34.3 years. In this study, lateral ankle sprains in sports were the main cause of ligamentous post-traumatic ankle OA with significant concomitant varus malalignment of the hindfoot [23] . Lübbeke et al. [24] conducted a retrospective cohort study including 372 patients treated with open reduction and internal fixation for malleolar fractures. In more than 30 % of patients advanced degenerative changes were observed in the ankle joint, especially following Weber C fractures and associated medial malleolar fractures. The latency time between injury and ankle OA was between 12 and 22 years. Additional risk factors for OA were substantial fracture dislocation, high body mass index, age greather than 30 years and length of time since surgery [24] .
Indications and contraindications
The main indication for supramalleolar osteotomies is asymmetric ankle OA with concomitant valgus or varus deformities and a partially (at least 50 %) preserved tibiotalar joint surface [25, 26] . Another important indication for realignment osteotomies are isolated osteochondral lesion of the medial or lateral aspect of the tibiotalar joint [27] . Realignment surgery may also be performed before ankle joint-sacrificing surgeries like ankle arthrodesis and total ankle replacement. It has been shown, that biomechanical properties and clinical outcomes of total ankle replacement depend on alignment and position of prosthesis components [28] [29] [30] .
The absolute contraindications for realignment surgery are end-stage degenerative changes of the complete tibiotalar joint, unmanageable hindfoot instability, acute or chronic infections, severe vascular or neurological deficiency and neuropathic disorders (e.g. Charcot arthropathy). Another absolute contraindication is the patient's non-compliance regarding the postoperative rehabilitation (including avoiding weight-bearing).
A relative contraindication is advanced age: there is no definite age below which corrective osteotomies should be avoided; however, in patients older than 70 years and in poor general condition we do not recommend this surgical treatment. Another relative contraindication is substantially impaired bone quality of the distal tibia and/or talus (e.g. patients on long-term steroid medication or with large subchondral cysts, severe osteoporosis or rheumatic disease). Tobacco use is also a relative contraindication for supramalleolar osteotomy due to an expected higher rate of osseous non-union [31] .
Radiographic assessment and pre-operative planning
For radiographic assessment we routinely use conventional standardised weight-bearing radiographs in four planes including a lateral and dorsoplantar view of the foot and anteroposterior view of the ankle, and the Saltzman view (Fig. 1a-d ) [32] . In addition, whole leg radiographs should be performed to assess osseous deformities of the lower extremity (Fig. 1e) , especially around the knee joint.
In patients with degenerative changes of the tibiotalar and/ or adjacent joints we suggest that single photon emission computed tomography/computed tomography (SPECT/CT) be performed to assess the exact localisation and biological activity of degenerative ankle changes and coexisting degenerative changes in the adjacent joints [33, 34] . SPECT/CT has been shown to have a high sensitivity for assessment of osseous structures in patients with chronic foot pain [35] .
For preoperative planning and the calculation of the degree of surgical correction we use weight-bearing anteroposterior and lateral radiographs of the ankle. One of the most important radiographic parameters for quantification of the supramalleolar varus or valgus deformity is the medial distal tibial angle. In the previously published radiographic [36] and cadaver [37] studies it has been measured as 92.4±3.1°(range 84-100°) and 93.3±3.2°(range 88-100°), respectively. Stufkens et al. [38] demonstrated that this angle differs between whole lower leg radiographs and mortise views of the ankle; therefore, it should be measured using standardised radiographs. Furthermore, Barg et al. [39] found a substantial disagreement in primary supramalleolar alignment (as measured using the medial distal tibial angle) between the mortise and Saltzman views. Another radiographic parameter which should be considered for the pre-operative planning is the talar tilt. The talar tilt is defined as the difference between the medial distal tibial angle and the tibiotalar angle (normal value 91.5±1.2°) [40] . In neutrally aligned ankles the talar tilt should be less than 4° [6, 41] .
To determine the height of the wedge (H) to be removed, the width of the distal tibia (W) was measured using weightbearing anteroposterior radiograph (Fig. 2a) . The following calculation was used to determine the height of the wedge: H=tan α 1 ×W, where α 1 is the amount of deformity with the desired overcorrection (Fig. 2b) [42, 43] . The proximal plane of the osteotomy was planned to be perpendicular to the medial tibial cortex. The corresponding distal plane was planned on the basis of the calculated height of the osteotomy wedge as described above.
Surgical techniques
In patients with supramalleolar valgus or varus deformities, the surgeon can choose from three surgical options: medial closing wedge osteotomy (anti-valgus osteotomy) and medial opening wedge osteotomy or lateral closing wedge osteotomy (anti-varus osteotomy).
Both types of corrective osteotomy (anti-valgus and antivarus) can be performed using general or regional anaesthesia. The patient is placed in a supine position with the heel on the edge of the table. A radiolucent operating table is required for use of intraoperative fluoroscopy. The ipsilateral back is lifted until a strictly upward position of the foot is obtained. A pad is placed under the lower leg for elevation and fluoroscopy during surgery. A tourniquet (usually between 280 and 350 mmHg) is applied on the ipsilateral thigh. In most patients, prior to the osseous reconstructive surgery, anterior ankle arthroscopy [16] is performed to assess cartilage degeneration using the Outerbridge classification [44] . If necessary, loose bodies are removed and anterior ankle impingement is debrided. In patients with a cartilage Outerbridge grade IV lesion cartilage debridement and microfracturing should be performed.
Medial closing wedge osteotomy (Fig. 3)
A medial longitudinal incision is made over the distal tibia and medial malleolus. After periosteal incision soft tissues are Fig. 2 Pre-operative planning. Pre-operative weight-bearing anteroposterior radiograph is used for the planning of a supramalleolar medial closing wedge osteotomy. a W width of the distal part of the tibia (in this case 62 mm). b MDTA medial distal tibial angle (in this case 97.5°), α valgus deformity (in this case 97.5°), α 1 amount of valgus deformity with desired overcorrection (in this case 7.5+2°=9.5°), H height of the wedge to be removed (in this case tan 9.5°×62 mm=10 mm) Fig. 3 Medial closing wedge osteotomy and corrective Z-shaped osteotomy of the fibula. a Pre-operative weight-bearing radiographs show post-traumatic valgus tilting of the talus within the mortise and malunion of the fibula with substantial shortening and external rotation. Saltzman view shows the valgus hindfoot alignment. b First, corrective Z-shaped osteotomy of the fibula was performed to achieve elongation of the fibula and derotation as well as an aligned ankle mortise. Then medial closing wedge osteotomy was performed to address the valgus hindfoot deformity. c Postoperative weight-bearing radiographs show completed osseous healing at the site of osteotomies at the 1-year follow-up. Saltzman view shows normal hindfoot alignment. d After hardware removal patient is painfree with no restrictions of sports activities retracted en bloc using two Hohmann hooks. This may help to avoid injury of the neurovascular and tendon structures of the posterior and anterior compartments. The plane of the osteotomy is determined under fluoroscopic image intensification, and two distal Kirschner wires are placed parallel to the tibiotalar joint space in order to prevent changes in sagittal distal tibia slope. Two proximal Kirschner wires are placed according to the pre-operatively planned angle. Using a wide saw blade (in order to avoid an uneven osteotomy surface which may compromise post-operative healing) the osteotomy is performed with water irrigation to reduce thermal damage during the cut. The osteotomy may be refined using a chisel or osteotome. The lateral cortex is typically preserved to enhance the intrinsic stability of the osteotomy, and so the intact fibula does not hinder the desired tibial correction. The closed osteotomy is stabilised using a Tshaped 3.5-mm LCP plate with angular stabilizing screws and eccentric compressive screws immediately proximal to the osteotomy. The most proximal plate holes also require angular stabilizing screws. To increase the pressure at the site of the osteotomy, a compression device may also be used. The periosteum is closed over the osteotomy with 2-0 absorbable sutures.
Corrective Z-shaped osteotomy of the fibula (Fig. 3) Distal fibular malunion may occur in up to one third of all cases after fibular reconstruction [45] . Malunions of the fibula should not be accepted because even small displacements of the fibula (e.g. 2 mm shortening, 2 mm lateral shift or 5°of external rotation) may dramatically change the biomechanics of the tibiotalar joint [46] . The length and rotation of the fibula is assessed intraoperatively using fluoroscopy. A longitudinal incision is made over the distal fibula. Z-shaped osteotomy is performed using an oscillating saw and osteotomy fragments are mobilised until the appropriate length of the fibula is achieved. A bone wedge is removed additionally in patients with rotational deformity. Appropriate fibular position is defined by the following criteria [47] : (1) appropriate closure of the medial clear space with restoration of the medial gutter, (2) anatomical position of the talus within the mortise and (3) restoration of anatomical landmarks as described by Weber and Simpson [48] . Final fixation of the fibular osteotomy is performed using one or two lag screws and 3.5 LCP angular stable plate.
Lateral lengthening calcaneal osteotomy (Fig. 4) After performing supramalleolar corrective osteotomy the position of the calcaneus should be proven clinically and radiographically using fluoroscopy. In patients with remaining valgus position of the calcaneus and abduction deformity of the mid-and forefoot, the deformity should be corrected at the inframalleolar level by lateral lengthening calcaneal osteotomy [49, 50] . The sinus tarsi and the posterior facet of the subtalar joint are exposed using an oblique incision over the lateral aspect of the hindfoot. The lateral calcaneal wall is osteotomised using an oscillating saw or a chisel. The medial calcaneal cortex should remain preserved so as not to compromise the intrinsic stability of the osteotomy. The osteotomy is widened until a physiological position of the hindfoot (correction of valgus) and midfoot (correction of abductus and restoration of [51, 52] . The osteotomy is finally fixed using a 3.5-mm cortical AO screw or using a small plate.
Medial opening wedge osteotomy (Fig. 5) The medial opening wedge osteotomy is indicated in cases with a varus deformity less than 10°and performed in a manner
deformity of the hindfoot. Post-operative weight-bearing radiographs show completed osseous healing at the site of osteotomies at the 1-year follow-up. d After hardware removal patient is pain-free with no restrictions of sports activities similar to the medial closing wedge osteotomy. However, only one Kirschner wire is necessary for orientation and saw blade guidance. The gap can be filled with allograft or autograft harvested from the ipsilateral iliac crest bone. The fixation of the osteotomy is performed as described above (medial closing wedge osteotomy). If during the osteotomy opening the lateral cortex could not be preserved an additional fixation of compromised lateral cortex using e.g. a one third tubular plate should be performed through a small additional lateral incision.
Lateral closing wedge osteotomy (Fig. 6) In patients with a pre-operative varus deformity of more than 10°an extensive medial opening wedge osteotomy may not be possible because the fibula may restrict the degree of correction [6, 53] . Therefore, a lateral approach including an osteotomy of the fibula is required. An incision is made over the anterior margin of the distal fibula. A Z-shaped osteotomy of the fibula (Valderrabano osteotomy [54] ) is performed using an oscillating saw where shortening of the fibula is achieved by removal of a bone block. The simple transverse fibular osteotomy has substantially less intrinsic stability which may result in fibular malposition [53, 55] . After the fibula is cut, Kirschner wires are drilled into the tibia according to the angle measured during pre-operative planning. After a fluoroscopic check of the Kirschner wire position the periosteum is incised and mobilised using a raspatory. The tibial lateral closing wedge osteotomy is performed under protection with Hohmann hooks through the same incision as the fibular shortening osteotomy and fixed using a 3.5 LCP angular stable plate.
Post-operative management
The dressing and splint are removed and changed on the second post-operative day. Early physiotherapy with lymphatic drainage and active motion can be started. A pneumatic foot cuff (with intermittent pressure up to 140 mmHg) may be used to reduce post-operative swelling. All patients receive thromboprophylaxis with subcutaneous low molecular weight heparin or oral medication with rivaroxaban starting 12 hours preoperatively and continuing daily for six weeks postoperatively. When the wound conditions are appropriate, meaning a dry wound without any secretion, the foot/ankle is placed in a stabilising walker for six to eight weeks during which only partial weight-bearing up to 15 kg is allowed. The first followup is scheduled six to eight weeks post-operatively and includes clinical and radiographic assessment. In patients with appropriate osseous healing at the site of the osteotomy the walker can be removed and full weight-bearing is increased in a stepwise manner. Ambulatory physiotherapy is continued and included extending active and passive ankle motion, stretching and strengthening of the lower leg musculature, and proprioceptive exercises. In patients with persistent swelling, we recommend the use of compression stockings. Sports and recreational activities can be resumed three to four months post-operatively [56] .
Complications
Complications are generally rare with supramalleolar osteotomies [57, 58] ; however, there are limited data regarding the intraoperative and post-operative complications in patients who underwent supramalleolar corrective osteotomies (Table 1) .
Intra-operative complications may include injuries of neurovascular structures and tendons. Therefore, exact anatomical knowledge of surgical approaches is required. Wound healing problems and infections may be resolved by i.v. antibiotics and/or surgical debridement and irrigation.
Malunion or non-union at the osteotomy site may occur in the short or medium term after realignment surgery. Possible (18) Late infection (1), implant failure with delayed union (2) Harstall et al. IV 9 (9 ankles) Medial opening wedge OT (9) Delayed union (2), decreased ROM (6), persistent medial pain (2) i.v. intravenous, LOE level of evidence, n.a. not available, OA osteoarthritis, OT osteotomy, ROM range of motion, TAR total ankle replacement reasons for these complications include inappropriate surgical technique (e.g. compromising the opposite cortex), nonanatomical reduction of the osteotomy or secondary displacement of the osteotomy (e.g. due to non-compliance during the post-operative rehabilitation or hardware failure).
In patients with painful hardware, this should be removed after osseous healing of the osteotomy has been confirmed clinically and radiographically (e.g. using CT or SPECT/CT).
A possible post-operative complication after reconstructive surgery is the progression of the osteoarthritic process requiring further surgical treatment (e.g. total ankle replacement or ankle arthrodesis). In a prospective study by Knupp et al. [6] including 94 ankles with varus or valgus deformity ten ankles failed and were converted to total ankle replacement (nine ankles) or ankle arthrodesis (one ankle). Patients with type I valgus deformity (talar tilt ≤4°, congruent joint) where the fibular length was not adjusted, patients with type III varus deformity (joint space narrowing in the medial gutter) and patients with ankle joint instability had tendencies towards worse outcome or failures [6] .
Results after realignment surgery
Realignment surgery as a joint-preserving surgical treatment option in patients with asymmetric painful ankle OA is gaining increasing acceptance among foot and ankle surgeons. The shortand midterm results following realignment surgery of the ankle joint in the current literature are very promising (Table 2) .
Takakura et al. [68] presented midterm results of 18 patients who underwent opening wedge osteotomy due to varus ankle OA. The mean follow-up in this study was six years and 11 months with a range between 2.7 and 12.1 years. In the cohort, excellent, good and fair results were observed in six, nine and three ankles respectively. Fair results were explained by undercorrection of the deformity in two cases and little remaining articular cartilage in one case. In general, most patients experienced substantial functional improvement and post-operative pain relief [68] . The same group reported three years later additional results of nine patients who underwent medial opening wedge osteotomy with posttraumatic varus ankle deformity [69] . At a mean follow-up of 7.3 years the post-operative results were graded as excellent, good and fair in four, two and three patients, respectively. Osseous union at the site of the supramalleolar osteotomy occurred at a mean of 8.7 months post-operatively [69] .
Cheng et al. [59] performed low tibial osteotomy in 18 patients including 6 cases with post-traumatic and 12 cases with degenerative ankle OA. At a mean follow-up of four years, ten and eight patients experienced good and excellent results, respectively [59] .
Stamatis et al. [67] treated 23 ankles in 22 patients with supramalleolar osteotomies for painful distal tibial malalignment of at least 10°with or without radiographic evidence of ankle OA. All varus deformities were corrected using a medial opening wedge osteotomy and all valgus deformities using a medial closing wedge osteotomy. In two patients secondary surgery was necessary due to non-union of the osteotomy. The remaining osteotomies healed at a mean time of 14 weeks. Significant improvement of the American Orthopaedic Foot and Ankle Society (AOFAS) score and Takakura ankle score was observed in this cohort with no differences regarding the surgical technique (opening wedge vs closing wedge). In all patients substantial improvement of radiographic parameters and no evidence of progression of ankle OA was observed [67] .
Pagenstert et al. [65] reported midterm results obtained from 35 consecutive patients who underwent realignment surgery due to varus or valgus ankle OA. At a mean followup of five years significant pain relief and functional improvement, including increased range of motion, was observed. Revision was necessary in ten ankles, including three patients who underwent total ankle replacement [65] .
Neumann et al. [64] performed supramalleolar lateral closing wedge osteotomy in 27 patients with varus OA of the ankle. The mean pre-operative varus deformity of 27°was corrected to a mean of 6°varus post-operatively. Subsequently, three patients underwent total ankle replacement and three patients underwent ankle arthrodesis [64] .
Harstall et al. [60] treated nine patients with varus ankle OA by supramalleolar lateral closing wedge osteotomy. There were no intra-or perioperative complications, with a mean osseous healing of 10 weeks. At a mean follow-up of 4.7 months, statistically significant improvement of clinical scores was observed. In one patient an ankle arthrodesis was performed due to progressive ankle OA [60] .
Lee et al. [70] performed supramalleolar tibial osteotomy combined with fibular osteotomy in 16 patients for treatment of moderate medial ankle OA. The mean follow-up in this patient cohort was 2.3 years with a range between one and 6.5 years. In general, the mean AOFAS score, mean Takakura OA stage and mean values of all radiographic parameters improved significantly after the realignment surgery. In this study, patients with minimal talar tilt and neutral or varus heel alignment had a better post-operative outcome [70] .
Knupp et al. [6] established a new classification of supramalleolar deformities and presented a treatment algorithm. This prospective study included 92 patients (94 ankles) with asymmetric ankle OA. At a mean follow-up of 3.6 years a significant improvement of clinical scores was observed with post-operative reduction of radiographic OA signs in patients with mid-stage ankle OA. In ten patients, conversion to total ankle replacement or ankle arthrodesis was necessary due to progression of ankle OA [6] .
Hintermann et al. [47] performed a prospective study including 48 patients with malunited, pronation-external rotation fracture of the ankle. In all patients valgus malalignment of the distal tibia and malunion of the fibula were corrected. At a mean follow-up of 7.1 years, good or excellent results were obtained in 42 patients. Most patients (47 patients) were pain-free and six patients reported moderate pain with a mean visual analogue scale (VAS) score of 2.1 points. In one patient total ankle replacement was performed 26 months after corrective surgery [47] .
Knupp et al. [42] treated 14 patients with overcorrected clubfoot deformity with medial closing wedge supramalleolar osteotomy. Additional osteotomies were performed if necessary including anterior closing wedge tibial osteotomy, calcaneal osteotomy and/or first cuneiform osteotomy. Osseous healing at the site of osteotomies occurred within eight weeks in all cases. Post-operatively, improvement of radiographic parameters, good functional results and postoperative pain relief were observed in all patients [42] .
Future aspects of realignment surgery of the ankle joint
In 1995 Takakura et al. [68] published a clinical study entitled "Low tibial osteotomy for osteoarthritis of the ankle. Results of a new operation in 18 patients" in the Journal of Bone and Joint Surgery (British Volume). Japanese colleagues from Nara Medical University reported encouraging results in patients who underwent medial opening wedge osteotomy due to varus ankle OA [68] . Since then realignment procedure has been constantly gaining more acceptance as a therapeutic option in patients with moderate asymmetric ankle OA. Surgical technique, clinical outcomes and indications and contraindications for realignment surgery have been a "hot topic" in most foot and ankle symposiums in the last decade.
In our experience, supramalleolar realignment surgery predictably leads good clinical results, correction of the hindfoot deformity and high patient satisfaction [53, 55, 56, 65, 66] . One key for long-term success is appropriate patient selection. All absolute or relative contraindications should be recognised. The origin and dimensions of the deformity should be carefully analysed during exacting pre-operative planning. Concomitant problems, including additional osseous deformities (e.g. inframalleolar deformities-valgus or varus position of the heel) or ligamental instabilities, should be recognised and addressed as a one-stage procedure. Recently, Tanaka-one of the authors of the first publication from the year 1995 [68] -published a review article presenting his philosophy and treatment algorithm for realignment surgery entitled "The concept of ankle joint preserving surgery: why does supramalleolar osteotomy work and how to decide when to do an osteotomy or joint replacement" [11] . He underlined the importance of correct patient selection and pointed to the fact that there are no comparative studies between supramalleolar osteotomy and other surgical treatment options [11] .
One of the main advantages of realignment surgery is that it is a joint-preserving procedure. Most patients show high satisfaction with the surgery [47, 65] allowing them to return to normal sports and recreational activities [56] . Even in cases with progression of degenerative changes of the tibiotalar joint requiring a second surgery (total ankle replacement or ankle arthrodesis) the patients may benefit from realignment surgery. It has been shown that total ankle replacement performed in a well-aligned hindfoot showed a better post-operative outcome [71] [72] [73] [74] [75] .
Summary
Patients with supramalleolar valgus or varus deformity have pathologically altered pressure distribution patterns in the tibiotalar joint [76] [77] [78] [79] , resulting in the development of asymmetric ankle OA. Realignment surgery may restore normal biomechanics of the ankle joint with pain relief, functional improvement and slowing of the degenerative process [47, 65, 68, 69] . Additional long-term studies should be performed to address positive and negative predictors influencing the longterm success after this surgery.
